WO 2004/001655 



'4fmm 13 DEC 2004 



PCT/US2002/018790 



jVnpiT^ons QF TREA TING AND PREVENTING COLITIS INVOLVING 

IL-13 AND NK-T CELLS 



5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a method of treating or preventing colitis by modulating the 
colitis-inducing effects of the cytokine interleukin-13 (IL-13). The invention also relates to a 
10 method of treating or preventing coUtis by modulating the colitis-inducing effects of NK-T cells 
Further provided is a method for screening substances for their effectiveness in reducing the 
inflammatory response of colitis and preventing colitis in a mouse model. 
Background Ait 

Hmnan inflanamatory bowel diseases (IBDs), Crohn's disease (CD), and ulcerative colitis 
15 GJC)» ar© believed to be due to an abnormal mucosal T cell responsiveness to bacterial antigens in 
the gut lumen (Sartor, 1995). In CD, the responding T cells exhibit a Thl phenotype and thus 
produce large amounts of interferon-y (DFN-y) and tumor necrosis factor (TNF-a). IL-12 secretion, 
the driving force of Thl differentiation is also increased (Parronchi et aL, 1997). In UC, the 
responding T cell is less well defined. In this case, whereas Thl cytokine production is normal or 
20 decreased and sonae Th2 cytokine production QL-5 and IL-10) is increased, the production of the 
"signature" cytokine of the Th2 response, IL-4, is not increased (Fuss et al., 1996). 



SUMMARY OF THE INVENTION 



25 The present invention provides a method of treating or preventing the inflammatory 

response of colitis in a subject comprising administering to the subject an effective amount of a 
substance that modulates NK-T cell activity. 

Also provided by the present invention is a method of treating or preventing the 
inflammatory response of colitis in a subject comprising administering to the subject an effective 

30 amount of a substance that modulates IL-13 activity. 

Also provided by the present invention is a method of screening a substance for 
effectiveness in reducing the inflanamatory response of colitis by modulating IL-13 activity 
comprising: a) obtaining an animal having colitis; b) administering the substance to an animal; and 
assaying the animal for an effect on IL-13 activity which results in the reduction of the 

35 inflammatory response of the colitis, thereby identifying a substance effective in reducing the 
inflammatory response of colitis by modulating IL-13 activity. 



1 
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Further provided by the present invention is a method of screening a substance for 
effectiveness in reducing the inflammatory response of colitis by modulating NK-T cell activity 
comprising: a) obtaining an animal having colitis; b) administering the substance to an animal; and 
c) assaying the animal for an effect on NK-T cell activity which results in the reduction of the 
S inflammatory response of the colitis, thereby identifying a substance effective in reducing the 
inflammatory response of colitis by modulating NK-T cell activity. 

The present invention also provides a method of screening for a substance effective in 
preventing the inflammatory response of colitis by modulating IL-13 activity comprising: a) 
administering the substance to an animal susceptible to colitis :b) subjecting the animal to treatment 

10 that will induce an inflammatory response; and c) assaying inflanmiatory tissue cells from the 

animal for an amount of secretion of IL-13, whereby a decrease or lack of increase in the amount of 
IL-13 in the inflammatory tissue cells of the animal as compared to an increase in the amount of IL- 
13 m a control animal having colitis in the absence of the substance identifies a substance that is 
effective in preventing the inflammatory response of colitis by modulating IL-13 activity. 

15 Also provided by the present invention is a method of screening for a substance effective in 

preventing the inflammatory response of colitis by modulating NK-T cell activity comprising: a) 
administering the substance to an animal susceptible to colitis; b) subjecting the animal to treatment 
that wiU induce an inflammatory response; and c) assaying the animal for an effect on NK-T cell 
activity, whereby a decrease or lack of increase in NK-T cell activity in the inflarmnatory tissue 

20 cells of the animal as compared to an increase in NK-T cell activity in a control animal having 
colitis in the absence of the substance identifies a substance that is effective in preventing the 
inflammatory response of colitis by modulating NK-T cell activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The accompanying drav^ngs, which are incorporated in and constitute a part of this 
specification, illustrate several embodiments of the invention and together with the description, 
serve to explain the principles of the invention. 

Figures 1 A-F show that pre-sensitization before intra-rectal challenge with oxazalone leads 

30 to a chronic progressive colitis. Weight loss (A) and mortality (B) of mice after pre-sensitization 
with vehicle (ethanol) or oxazolone and intra-rectal challenge with vehicle or different doses of 
oxazolone 5x (C) and lOx (E) magnification of HJB. stained cross-sections from colons of mice 7 
days after ethanol pre-sensitization and challenge. D+F show effects after oxazalone pre- 
sensitization and re-challenge with 1% oxazolone intra-rectally. 

35 Figures 2A-B show cytokine production from lymphocytes from mice with oxazolone 

colitis. (A) Lamina propria mononuclear cells (LPMC), hepatic mononuclear cells (HMNC), 
mesenteric lymph node cells (MLNC) and spleenocytes (SPC) were isolated on day 5 after 
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inducdon of oxazalone colitis (gray) or TNBS (black) colitis and stimulated in vitro for 48h with 
plate-bound anti-CD3 and anti-CD28. Cytokine concentrations were measured in supematants by 
ELESA. (B) LPMC were isolated on day 2, 5 or 8 after induction of oxazalone colitis. LPMC were 
stimulated as above, and the concentrations of IL-4 (open) and IL-13 (striped) measured in the 
S supematants. 

Figures 3A-B show that neutralization of IL-13 prevents induction of oxazolone colitis. (A) 
Weigjit loss and (B) mortality from mice with oxazalone colitis treated with IL13Ra2-Fc 
(diamonds) or control-protein (squares). 

Figures 4A-D show that depletion of NKl.l lymphocytes protects mice from oxazolone 
10 colitis but not TNBS colitis. Weight loss (A+C) and mortality (B+D) after induction of oxazalone 
colitis (A+B) or TNBS colitis (C+D) or injection of vehicle (ethanol; circles). Mice were injected 
wih control antibody (squares) or depleted of NKl.l cells with PK136 (diamonds). 

Figures 5A-B show CDl antigen presentation and that Ja281 NK-T cells are essential for 
induction of oxazalone colitis. (A) Wei^t loss of mice after intm-rectal injection of vehicle 
(circles) or oxazalone after i.v. injection of blocking CDl antibodies (20H2; diamonds) or control 
antibody (squares). (B) Weight loss after induction of oxazalone colitis of CDIKO mice 
(diamonds), Ja281KO mice (circles) and wildtype mice (squares). 

Figure 6 shows cytokine production in response to aGalCer. LPMC (upper panel), 
splenocytes or spleen CD4 cells (lower panel) were not stimulated (unstim.) or stimulated with 
20 plate-bound anti-CD3 and soluble anti-CD28 (aCD3/28), untransfected L-ceUs and vehicle 
(LC+Veh.), or CDl transfected L-cellS and lOOng/ml aGalCer (LCDl+aGC). 

DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention may be understood more readily by reference to the following 

detailed description of preferred embodiments of the invention and the Exan^les included therein 
and to the Figures and their previous and following description. 

Before the present metiiods and compositions are disclosed and described, it is to be 
imderstood that tiiis invention is not limited to specific methods or specific substances imless 
30 otherwise specified, or to particular reagents unless otherwise specified, as such may, of course, 
vary. It is also to be understood that the terminology used herein is for the purpose of describing 
particular embodiments only and is not intended to be limiting. 

As used in the specification and the appended claims, the singular forms "a," "an," and 
"the" include plural referents unless the context clearly dictates otherwise. Thus, for example, 
35 reference to "a substance" includes one or more substances, and the hke. 

Ranges may be expressed herein as from "about" one particular value, and/or to "about" 
another particular vsilue. When such a range is expressed, another embodiment includes from the 
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one particular value and/or to the other particular value. Similarly, when values are expressed as 
approximations, by use of the antecedent "about," it will be understood that the particular value 
forms another embodiment It will be further understood that the endpoints of each of the ranges 
are significant both in relation to the other endpoint, and independently of the other endpoint. 

5 

Methods of Treatment and prevention 

The present invention provides a method of treating or preventing the inflammatory 
response of colitis in a subject corcqnising administering to the subject an effective amount of a 
substance that modulates IL-13 activity. 
10 Any animal which is subject to colitis (e.g., ulcerative colitis) can be treated by this 

method. Therefore, the subject can be any mammal, preferably human, and can include but is not 
limited to mouse, rat, cow, guinea pig, hamster, rabbit, cat, dog, goat, sheep, monkey, horse and 
chimpanzee. 

As used herein, a substance of the present invention can include, but is not Umited to, a 

15 protein, a drug, an antibody, an antibody fragment, an immunotoxin, a chemical compound, a 
protein fragment and a toxin. Examples of these substances include, but are not limited to 
anti-IL-13 antibodies, anti NK-T cell antibodies, anti-NKl.l antibodies, anti-CDI antibodies, IL- 
13Ra2-Fc, IL-13 Ra2, IL-13Ra , fragments of IL-13 Ra2, and fragments of IL-13 Ra. Extracellular 
fragments of II^13Ra2 and IL-13Ra are also contemplated by the present invention as substances 

20 that are effective in treating or preventing colitis. 

The IL-13Ra of the present invention can be the rat IL-13Ra or fragments of this receptor 
and the sequence for this receptor can be accessed on the GenBank database via Accession No. 
AY044251. This sequence is incorporated herein in its entirety by this reference. TheIL-13Raof 
the present invention can also be the mouse IL-13Ra or fragments of this receptor and the sequence 

25 for this receptor can be accessed on tiie GenBank database via Accession No. S80963. This 
sequence is incorporated herein in its entirety by this reference. The IL-13Ra of the present 
invention can also be the human IL-13Ra or fragments of this receptor and the sequence for this 
receptor can be accessed on the GenBank database via Accession No. U62858. This sequence is 
incorporated herein in its entirety by this reference. 

30 The IL-13Ra2 of the present invention can also be the human IL-13Ra2 or fragments of 

this receptor and the sequence for this receptor can be accessed on the GenBank database via 
Accession No. NM_000640. This sequence is incorporated herein in its entirety by this reference. 
The IL-13Ra2 of the present invention can also be the mouse IL-13Ra2 or fragments of this 
receptor and the sequence for this receptor can be accessed on the GenBank database via Accession 

35 No. U65747. This sequence is incorporated herein in its entirety by this reference. 

The antibodies of the present invention can be antibodies against human IL-13 
(Dolganov, et al. "Coexpression of the interleukin-13 and interleukin-4 genes correlates with their 
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physical linkage in the cytokine gene cluster on human chromosome 5q23-31" Blood 87 (8), 3316- 
3326 (1996)). The sequence of human IL-13 can be accessed on GenBank via Accession No. 
U31120 and is incorporated herein in its entirety by this reference. The antibodies of this invention 
can also be antibodies against mouse IL-13 (Brown, et al. "A family of small inducible proteins 
5 secreted by leukocytes are members of a new superfamily that includes leukocyte and fibroblast- 
derived inflammatory agents, growth factors, and indicators of various activation processes" J, 
Immunol 142 (2), 679-687 (1989)). This sequence can be accessed on the GenBank database via 
Accession No. NM_008355 and is incorporated herein it its entirety by this reference. 

By "treating" is meant that an improvement in the disease state, i.e., the inflammatory 

10 response of colitis, is observed and/or detected upon administration of a substance of the present 
invention to a subject. Treatment can range from a positive change in a sync^tom or symptoms of 
the disease to complete ameliomtion of flie inflammatory response of colitis (e.g., reduction in 
severity or intensity of disease, alteration of clinical parameters indicative of the subject's condition, 
relief of discomfort or increased or enhanced function), as detected by art-known techniques. The 

15 methods of the present invention can be utilized to treat an established colitis. One of skill in the art 
would recognize that ulcerative colitis or indeterminate colitis refers to a condition of the colon 
characterized by a state of inflammation in which one or more of the following histological 
characteristics are detectable: a superficial inflammation characterized by the presence of epithelial 
cell loss and patchy ulceration, pronounced depletion of mucin producing-goblet cells, and 

20 reduction of the density of the tubular glands. In addition, in the lamina propia, a mixed 

inflammatory cell infiltrate consisting of lymphocytes and granulocytes (the latter consisting mosfly 
of neutrophils and, to a lesser extent, eosinophils) associated with an exudation of cells into the 
bowel lumen is observed. Also, the submucosal level can display marked edema with few 
inflammatory cells, while in the outer muscle layer one of skill in the art would see little or no 

25 evidence of inflammation. See e.g. Bokivant et al. Journal of Experimental Medicine 188: 1929- 
1939 (1998). Clinical symptoms can include, but are not limited to, diarrhea, rectal prolapse, 
weight loss, abdominal pain, dehydration and splenomegaly. 

By "preventing" is meant that after administration of a substance of the present invention to 
a subject, the subject does not develop the symptoms of colitis (i.e. inflammation, diarrhea, rectal 

30 prolapse, weight loss, abdominal pain etc.) and/or does not develop colitis. 

As used herein, modulation (e.g., maintenance, reduction or inhibition) of IL-13 activity 
means a change such as a decrease in IL-13 production, a decrease in IL-13 colitis-inducing effects, 
a decrease in cells producing IL-13 or a combination thereof. A reduction or inhibition in IL-13 
activity can range from a decrease in IL-13 activity to complete amelioration of IL-13 activity. 

35 Maintenance of IL-13 activity means a maintenance of a steady state level of IL-13 without 

significant increase or decrease. One of skill in the art can utilize methods known in the art as well 
as those described in the Examples herein to measure and/or monitor IL-13 activity. 
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The present invention also provides a method of treating or preventing the inflammatory 
response of colitis in a subject comprising administering to the subject an effective amount of a 
substance that modulates (e.g. maintains, reduces or inhibits) NK-T cell activity. 

Maintenance of NK-T cell activity means a maintenance of a steady state level of NK-T 
5 cell activity without significant increase or decrease. As used herein, reduction or inhibition of NK- 
T cell activity can be a decrease in the number of NK-T cells, a decrease in NK-T cell activation, a 
' decrease in the interaction between NK-T cells and their respective ligands or any combination 
thereof. A reduction can range from a decrease in the number of NK-T cells to con^lete depletion 
of NK-T cells. Similarly, a reduction in the activation of NK-T cells can range from a decrease in 
10 the number of NK-T cells that are activated to inactivation of all NK-T cells. One of skill in the art 
would know which substance to utilize in order to inactivate NK-T cells or deplete them. For 
example, if one of skill in the art wished to deplete NK-T cells, anti-NKl. 1 antibody would be 
utilized. Similarly, if inhibition of activation of NK-T cells is desired, an anti-CD 1.1 antibody 
would be utilized. Therefore, antibodies that deplete NK-T cells as well as antibodies that prevent 
15 antigen presentation are contemplated to be an aspect of the invention. 

Also contemplated by the present invention is a method of treating or preventing the 
inflammatory response of colitis in a subject comprising administering to the subject an effective 
amoimt of a first substance that reduces NK-T cell activity and an effective amount of a second 
substance that reduces XL- 13 activity. The first and second substance can be administered together 
20 or separately to the subject in a ratio or combination determined to be effective in treating or 

preventing the inflanomatory response of a colitis. The determination of such a ratio or combination 
amount is well within the scope of one of ordinary sldll in the art. 

The present invention also contemplates the treatment or prevention of the inflanomatory 
response of colitis by the administration of a substance that reduces IL-13 activity with another 
25 therapeutic agent to a subject. Other therapeutic agents may include, but are not limited to, 

antibodies, such as an anti-IL^4 antibody, cytokines, or immunomodulatory agents. The invention 
also contemplates the treatment or prevention of the inflammatory response of colitis by the 
administration of a substance that reduces NK-T cell activity witii another therapeutic agent to a 
subject 

30 Examples of these cytokines and immunomodulatory agents that can be employed in the 

methods of this invention include, but are not limited to, IVIG, antisera against lymphocyte 
membrane antigens (i.e. antithymocyte serum (ATS), antithymocyte globulin (ATG), 
antilymphocyte serum (ALS), antilymphocyte globulin (ALG), anti-CD3, anti-CD4, anti-CD8)), 
anti-TNFa, anti-IFNy, antisense STAT4 oligonucleotides, anti-ICAMl, antisense ICAM-1 

35 oligonucleotides, anti-CD40L, anti-CD25 (anti~Tag), and IL-10. Other cytokines and/or 

immunomodulators can be administered according to the methods of this invention both to treat an 
acute episode of disease or to maintain the subject's condition in a non-infleunmatory state. 
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For the treatment and/or pievention methods of the present invention, including the 
combination fhrapies described above, the efficacy of administration as described herein in treating 
or preventing the inflammatory response of colitis in a subject can be determined by standard 
methods of evaluation of the particular signs, symptoms and objective laboratory tests for this 
5 disease, as known in the art. For exan:5>le, 1) a subject's frequency or severity of recurrences is 
shown to be reduced, 2) the progression of the disease is shown to be stabilized, or 3) the need for 
use of other immunosuppressive medications is lessened, based on a comparison wifli an 
appropriate control group and knowledge of the normal progression of disease in flie general 
population or the particular individual, then a particular treatment or prevention regimen will be 

10 considered efficacious. 

The efficacy of combination therapy with any antibodies, immunosuppressive medications 
or immunomodulatory agents and substances that reduce IL-13 activity in preventing the 
inflammatory response of colitis can be determined by evaluating standard signs, symptoms and 
objective laboratory tests, as would be known to one of skill in the art, over time. The 

15 determination of who would be at risk for the development of colitis would be made based on 
current knowledge of the known risk factors for a particular disease familiar to a clinician in this 
field, such as a particularly strong family history of disease. 

As mentioned above, the substance of the present invention can be an antibody. As used 
herein, the term "antibody" encompasses, but is not limited to, whole immunoglobulin (i.e., an 

20 intact antibody) of any class. Native antibodies are usually heterotetrameric glycoproteins, 

composed of two identical light (L) chains and two identical heavy (H) chains. Typically, each 
light chain is linked to a heavy chain by one covalent disulfide bond, while the nimiber of disulfide 
linkages varies between the heavy chains of different immunoglobulin isotypes. Each heavy and 
light chain also has regularly spaced iatrachain disulfide bridges. Each heavy chain has at one end a 

25 variable domain (V(H)) followed by a number of constant domains. Each light chain has a variable 
domain at one end (V(L)) and a constant domain at its other end; the constant domain of the light 
chain is aligned with the first constant domain of the heavy chain, and the light chain variable 
domain is aUgned with the variable domam of the heavy chain. Particular amino acid residues are 
believed to form an interface between the light and heavy chain variable domains. The light chains 

30 of antibodies from any vertebrate species can be assigned to one of two clearly distinct types, called 
kappa (k) and lambda (1), based on the amino acid sequence of their constant domains. Depending 
on the amino acid sequence of the constant domain of ttieir heavy chains, immunoglobulms can be 
assigned to different classes. There are five major classes of human immunoglobulms: IgA, IgD, 
IgE, IgG and IgM, and several of these may be further divided into subclasses (isotypes), e.g., IgG- 

35 1, IgG-2, IgG-3, and IgG-4; IgA-1 and IgA-2. One skilled in the art would recognize the 

comparable classes for mouse. The heavy chain constant domains that correspond to the different 
classes of immunoglobulins are called alpha, delta, epsilon, gamma, and mu, respectively. 
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The tenn "variable" is used herein to describe certain portions of the variable domains that 
differ in sequence among antibodies and are used in the binding and specificity of each particular 
antibody for its particular antigen. However, the variability is not usuaUy evenly distributed 
through the variable domains of antibodies. It is typically concentrated in three segments called 
S complementarity determining regions (CDRs) or hypervariable regions both in the light chain and 
the heavy chain variable domains. The more highly conserved portions of the variable domains are 
called the framework (FR). The variable domains of native heavy and light chains each conq>rise 
four FR regions, largely adopting a P-sheet configuration, connected by three CDRs, which form 
loops connecting, and in some cases forming part of, the P-sheet structure. The CDRs in each chain 
10 are held together in close proximity by the FR regions and, with the CDRs from the other chain, 
contribute to the formation of the antigen binding site of antibodies (see Kabat E. A. et al., 
"Sequences of Proteins of Immunological Interest," National Institutes of Health, Bethesda, Md. 

(1987) ). The constant domains are not involved directly in binding an antibody to an antigen, but 
exhibit various effector functions, such as participation of the antibody in antibody-dependent 

1 5 cellular toxicity. 

As used herein, the term "antibody or fragments thereof* encompasses chimeric antibodies 
and hybrid antibodies, with dual or multiple antigen or epitope specificities, and fragments, such as 
F(ab')2, Fab', Fab, scFv and the like, including hybrid fragments. Thus, fragments of the antibodies 
that retain the ability to bind their specific antigens are provided. For example, fragments of 

20 antibodies which maintain IL-13, GDI, CDld, Val4, Val4Ja281, Va24, Va24Jal8, IL-13Ra, or 
IL-13Roc2 binding activity are included within the meaning of the term "antibody or fragment 
thereof.*' Such antibodies and fragments can be made by techniques known in the art and can be 
screened for specificity and activity according to the methods set forth in the Examples and in 
general methods for producing antibodies and screening antibodies for specificity and activity (See 

25 Harlow and Lane. Antibodies, A Laboratory Manual. Cold Spring Harbor Publications, New York, 

(1988) ). 

Also included within the meaning of "antibody or fragments thereof are conjugates of 
antibody fragments and antigen bmding proteins (single chain antibodies) as described, for 
example, in U.S. PaL No. 4,704,692, the contents of which is hereby incorporated by reference 

30 herein in its entirety. 

Optionally, the antibodies are generated in other species and "humanized" for 
administration in humans. Humanized forms of non-human (e.g., murine) antibodies are chimeric 
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab*)2, 
scFv or other antigen-binding subsequences of antibodies) which contain nciinimal sequence derived 

35 from non-human immunoglobulin. Humanized antibodies include human immunoglobuhns 

(recipient antibody) in which residues from a complementary determining region (CDR) of the 
recipient are replaced by residues from a CDR of a non-human species (donor antibody) such as 

8 
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mouse, rat or rabbit having the desired specificity, affinity and capacity. In some instances, Fv 
fimnework residues of the human immunoglobulin are replaced by corresponding non-human 
residues. Humanized antibodies may also comprise residues that are found neither in the recipient 
antibody nor in the inqwrted CDR or firanoework sequences. In general, the humanized antibody 
5 will conq)rise substantially all of at least one, and typically two, variable domains, in which all or 
substantially all of ttie CDR regions correspond to diose of a non-human immunoglobulin and all or 
substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The 
humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant 
region (Fc), typically that of a human immunoglobulin (Jones et al.. Nature, 321:522-525 (1986); 
10 Riechmann et al.. Nature, 332:323-327 (1988); and Presta, Curr. Op. Struct Biol., 2:593-596 
(1992)). 

Methods for humanizing non-human antibodies are well known in the art. Generally, a 
hu mani zed antibody has one or more amino acid residues introduced into it from a source that is 
non-human. These non-human amino acid residues are often referred to as "import" residues, which 

15 are typically taken from an "import" variable domain. Humanization can be essentially performed 
following the method of Winter and co-workers (Jones et al., Nature, 321:522-525 (1986); 
Riechmann et al.. Nature, 332:323-327 (1988); Verhoeyen et al.. Science, 239:1534-1536 (1988)), 
by substituting rodent CDRs or CDR sequences for the corresponding sequences of a human 
antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Pat. No. 

20 4,816,567), wherein substantially less than an intact human variable domain has been substituted by 
the corresponding sequence from a non-human species. In practice, humanized antibodies are 
typically human antibodies in which some CDR residues and possibly some FR residues are 
substituted by residues from analogous sites in rodent antibodies. 

The choice of human variable domains, both Hght and heavy, to be used in making the 

25 humanized antibodies is very important in order to reduce antigenicity. According to the "best-fit" 
method, the sequence of the variable domain of a rodent antibody is screened against the entire 
library of known human variable domain sequences. The human sequence which is closest to that 
of the rodent is then accepted as the human framework (FR) for the humanized antibody (Sims et 
al., J. Immunol, 151:2296 (1993); Chotiiia et al,, J. Mol Biol, 196:901 (1987)). Another method 

30 uses a particular framework derived from the consensus sequence of all human antibodies of a 

particular subgroup of light or heavy chains. The same framework may be used for several different 
humanized antibodies (Carter et al., Proc. Natl Acad. Sci USA, 89:4285 (1992); Presta et al., J. 
Immunol, 151:2623 (1993)). 

It is further important that antibodies be humanized with retention of high affinity for the 

35 antigen and other favorable biological properties. To achieve this goal, humanized antibodies are 
prepared by a process of analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and humanized sequences. Three 
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dimensional immunoglobulin models are commonly available and are familiar to those skilled in the 
art. Computer programs are available which illustrate and display probable three-dimensional 
conformational structures of selected candidate immunoglobulin sequences. Inspection of these 
displays permits analysis of the likely role of the residues in the functioning of the candidate 
S immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate 
inomunoglobulin to bind its antigen. Jn this way, FR residues can be selected and combined from 
the consensus and import sequence so that the desiied antibody characteristic, such as inoieased 
afEmity for the target antigen(5), is achieved. In general, the CDR residues are direcfly and most 
substantially involved in influencing antigen binding (see, WO 94/04679, published 3 March 1994). 

10 Transgenic animals (e.g., mice) that are capable, upon immunization, of producing a full 

repertoire of human antibodies in the absence of endogenous inomunoglobulin production can be 
employed. For example, it has been described that the homozygous deletion of the antibody heavy 
chain joining region (J(H)) gene in chimeric and germ-line mutant mice results in complete 
inhibition of endogenous antibody production. Transfer of the human germ-line immunoglobulin 

IS gene array in such germ-line mutant mice will result in the production of human antibodies upon 
antigen challenge (see, e.g., Jakobovits et al., Proc. Natl. Acad. Set USA, 90:2551-255 (1993); 
Jakobovits et al., Nature, 362:255-258 (1993); Bruggemann et al., Year in Immunol, 7:33 (1993)). 
Human antibodies can also be produced in phage display libraries (Hoogenboom et al., J. Mol. 
Biol, 227:381 (1991); Marks et al., 7. Mol Biol, 222:581 (1991)). The techniques of Cote et al. and 

20 Boemer et al. are also available for the preparation of human monoclonal antibodies (Cole et al.. 
Monoclonal Antibodies and Cancer Therapy, Alan R. liss, p. 77 (1985)0; Boemer et al., J. 
Immunol, 147(l):86-95 (1991)), 

The present invention further provides a hybridoma ceU that produces the monoclonal 
antibody of the invention. The term "monoclonal antibody" as used herein refers to an antibody 

25 obtained from a substantially homogeneous population of antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible naturally occurring mutations that may 
be present in minor amounts. The monoclonal antibodies herein specifically include "chimeric" 
antibodies in which a portion of the heavy and/or light chain is identical with or homologous to 
corresponding sequmces in antibodies derived from a particular species or belonging to a particular 

30 antibody class or subclass, while the remainder of the chain(s) is identical with or homologous to 
corresponding sequences in antibodies derived from another species or belonging to another 
antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the 
desired activity (See, U.S. Pat. No. 4,816,567 and Morrison et al., Proc. Nail Acad. Set USA^ 
81:6851-6855 (1984)). 

35 Monoclonal antibodies of the invention may be prepared using hybridoma methods, such as 

those described by Kohler and Milstein, Nature, 256:495 (1975) or Harlow and Lane. Antibodies, A 
Laboratory Manual. Cold Spring Harbor Publications, New York, (1988). In a hybridoma method. 
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a mouse or oflier appropriate host animal, is typically immunized with an immimizing agent to elicit 
lynyphocytes that produce or are capable of producing antibodies that will specifically bind to the 
immunizing agent Alternatively, the lymphocytes may be immunized in vitro. Preferably, the 
immunizing agent comprises lL-13, GDI. CDld, Val4, Val4Ja281, Va24, Va24Jal8, IL-13Ra, 
5 or IL-13Roc2 or a fragment thereof. Traditionally, the generation of monoclonal antibodies has 
depended on the availability of purified protein or peptides for use as the immunogen. More 
recently DNA based immunizations have been employed to elicit strong immune responses and 
generate monoclonal antibodies. Jn this approach, DNA-based immunization is used, wherein DNA 
encoding a portion of IH3, GDI, CDld, Val4, Val4Ja281, Vcc24, Va24Jal8, IL-13Ra, or IL- 

10 13Roe2 expressed as a fusion protein with human IgGl is injected into the host animal according to 
mefliods known in the art (e.g., Kilpatrick KE, et al. Gene gun delivered DNA-based immunizations 
mediate rapid production of murine monoclonal antibodies to the Flt-3 receptor. Hybridoma. 1998 
Dec;17(6):569-76; Kilpatrick KE et al. High-affinity monoclonal antibodies to PED/FEA-15 
generated using 5 microg of DNA. Hybridoma. 2000 Aug;19(4):297-302, which are incorporated 

15 herein by referenced in full for the the methods of antibody production) and as described in the 
examples. 

An alternate approach to immunization with eitiier purified protein or DNA is to use 
antigen expressed in baculovuiis. The advantages to this system include ease of generation, high 
levels of expression, and post-translational modifications that are highly similar to those seen in 

20 m a mm a l ian systems. Use of this system involves expressing domains of IL-13, GDI, CDld, Val4, 
Val4Ja281, Va24, Va24Jal8, IL-13Ra, or BL-13Ra2 antibody as fusion proteins. The antigen is 
produced by inserting a gene fragment in-frame between the signal sequence and the mature protein 
domain of the IL-13, GDI, CDld, Val4, Val4Ja281, Va24, Va24Jal8, IL-13Ra, or IL-13Ra2 
antibody nucleotide sequence. This results in the display of the foreign proteins on the surface of the 

25 virion. This method allows immunization with whole virus, eliminating the need for purification of 
target antigens. 

Generally, either peripheral blood lymphocytes ("PBLs") are used in methods of producing 
monoclonal antibodies if cells of human origin are desired, or spleen cells or lymph node cells are 
used if non-human mammalian sources are desired. The lymphocj^es are then fused with an 

30 immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to form a 

hybridoma cell (Coding, Monocloiial Antibodies: Principles and Practice Academic Press, (1986) 
pp. 59-103). Immortalized cell lines are usually transformed marumalian cells, including myeloma 
cells of rodent, bovine, equine, and human origin. Usually, rat or mouse myeloma cell lines are 
employed. The hybridoma cells may be cultured in a suitable culture medium that preferably 

35 contains one or more substances that inhibit the growth or survival of the unfused, immortalized 
cells. For example, if the parental cells lack the enzyme hypoxanthine guanine phosphoribosyl 
transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include 

11 



wo 2004/001655 



PCT/US2002/018790 



hypoxanthine, aminopteiin, and thymidine C*HAT medium"), which substances prevent the growth 
of HGPRT-deficient cells. Preferred immortalized cell lines are those that fuse efticienfly, support 
stable high level expression of antibody by the selected antibody-producing cells, and are sensitive 
to a medium such as HAT medium. More preferred immortalized cell lines are murine myeloma 
5 lines, which can be obtained, for instance, from the Salk Institute Cell Distribution Center, San 
Diego, Calif, and the American Type Culture Collection, Rockville, Md. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human 
monoclonal antibodies (Kozbor, 7. ImmunoU 133:3001 (1984); Brodeur et al., •'Monoclonal 
Antibody Production Techniques and Applications" Marcel Dekker, Inc., New York, (1987) pp. 51- 

10 63). The culture medium in which die hybridoma cells are cultured can flien be assayed for the 

presence of monoclonal antibodies directed against IL-13, GDI, CDld, Val4, Val4Ja281, Va24, 
Va24Jal8, IL-13Ra, or IL-13Ra2. Preferably, the binding specificity of monoclonal antibodies 
produced by the hybridoma cells is determined by inununoprecipitation or by an in vitro binding 
assay, such as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELBA). Such 

15 techniques and assays are known in the art, and are described further in the Examples below or in 
Harlow and Lane Antibodies, A Laboratory Manual Cold Spring Harbor Publications, New York, 
(1988). 

After the desired hybridoma cells are identified, the clones may be subcloned by limiting 
dilution or FACS sorting procedures and grown by standard methods. Suitable culture media for 

20 this purpose include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. 
Altematively, the hybridoma cells may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the 
culture medium or ascites fluid by conventional immunoglobulin purification procedures such as, 
for example, protein A-Sepharose, protein G, hydroxylapatite chromatography, gel electrophoresis, 

25 dial3^is, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as tiiose 
described in U.S. Pat. No. 4,816,567. DNA encoding the monoclonal antibodies of the invention 
can be readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide 
probes that are capable of binding specifically to genes encoding the heavy and light chains of 

30 murine antibodies). The hybridoma cells of the invention serve as a preferred source of such DNA. 
Once isolated, the DNA may be placed into expression vectors, which are then transfected into host 
cells such as simian COS cells, Chinese hamster ovary (CHO) cells, plasmacytonoa cells, or 
myeloma cells that do not otherwise produce immunoglobulin proteia, to obtain the synthesis of 
monoclonal antibodies in the recombinant host cells. The DNA also may be modified, for example, 

35 by substituting the coding sequence for human heavy and light chain constant domains in place of 
the homologous murine sequences (U.S. Pat No. 4,816,567) or by covalentiy joining to the 
immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin 
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polypeptide. Optionally, such a non-immunoglobulin polypeptide is substituted for the constant 
domains of an antibody of the mvention or substituted for the variable domains of one antigen- 
combining site of an antibody of the invention to create a chimeric bivalent antibody comprising 
one antigen-combining site having specificity for IL-13, CDl, CDld, Val4, Val4Jcc281, Va24, 
5 Voc24Jal8, IL-13Ra, or IL-13Ra2 and another antigen-combining site having specificity for a 
different antigen. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of 
antibodies to produce firagments ttiereof , particularly, Fab firagments, can be accomplished using 
routine techniques known in the art For instance, digestion can be performed using papain. 

10 Examples of papain digestion are described in WO 94/29348 published Dec. 22, 1994, U.S. Pat No. 
4,342,566, and Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor 
Publications, New York, (1988). Papain digestion of antibodies typically produces two identical 
antigen binding fragments, called Fab firagments, each witii a single antigen binding site, and a 
residual Fc fragment Pepsin treatment yields a firagment, called the F(ab')2 fragment, that has two 

15 antigen combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also contain the constant domains of 
the light chain and the first constant domain of the heavy chain. Fab' fragments differ fi-om Fab 
firagments by the addition of a few residues at the carboxy terminus of the heavy chain domain 
including one or more cysteines firom the antibody hinge region. The F(ab')2 fragment is a bivalent 

20 firagment comprising two Fab' fragments Unked by a disulfide bridge at the hinge region. Fab'-SH 
is the designation herein for Fab' in which the cysteine residue(s) of the constant domains bear a 
free thiol group. Antibody fragments originally were produced as pairs of Fab' fragments which 
have hinge cysteines between them. Other chemical couplings of antibody fragments are also 
known. 

25 An isolated immunogenically specific paratope or fragment of the antibody is also 

provided. A specific immunogenic qiitope of the antibody can be isolated firom the whole antibody 
by chemical or mechanical disruption of the molecule. The purified fragments thus obtained are 
tested to determine their immunogenicity and specificity by the methods taught herein. 
Inununoreactive paratopes of the antibody, optionally, are synthesized direcfly. An immunoreactive 

30 firigment is defined as an amino acid sequence of at least about two to five consecutive amino acids 
derived from the antibody amino acid sequence. 

One method of producing proteins comprising the antibodies of the present invention is to 
liNK-Two or more peptides or polypeptides together by protem chemistry techniques. For example, 
peptides or polypeptides can be chemically synthesized using currentiy available laboratory 

35 equipment using either Fmoc (9-fluorenylmethyloxycarbonyl) or Boc (tert -butyloxycarbonoyl) 
chemistry. (Applied Biosystems, Inc., Foster City, CA). One skilled in the art can readily 
appreciate that a peptide or polypeptide corresponding to the antibody of the present invention, for 
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example, can be synthesized by standard chemical reactions. For example, a peptide or polypeptide 
can be syndiesized and not cleaved from its synthesis resin whereas the other fragment of an 
antibody can be synthesized and subsequently cleaved from the resin, thereby exposing a terminal 
group which is functionally blocked on the other fragment. By peptide condensation reactions, 
5 these two fragments can be covalently joined via a peptide bond at their carboxyl and amino 

termini, respectively, to fonn an antibody, or fragment thereof. (Grant. Synthetic Peptides: A User 
Guide. WH. Freeman and Co., N.Y. (1992); Bodansky and Trost ., Ed. (1993) Principles of 
Peptide Synthesis. Springer-Verlag Jhc., NY. Alternatively, the peptide or polypeptide is 
independently synthesized in vivo as described above. Once isolated, these independent peptides or 

10 polypeptides may be linked to form an antibody or fragment thereof via similar peptide 
condensation reactions. 

For example, enzymatic ligation of cloned or synthetic peptide segments allow relatively 
short peptide fragments to be joined to produce larger peptide fragments, polypeptides or whole 
protein domains (Abrahmsen et al.. Biochemistry, 30:4151 (1991)). Alternatively, native chemical 

15 ligation of synthetic peptides can be utilized to synthetically construct large peptides or 

polypeptides from shorter peptide fragments. This method consists of a two step chemical reaction 
(Dawson et al. Synthesis of Proteins by Native Chemical Ligation. Science, 266:776-779 (1994)). - 
The first step is the chemoselective reaction of an unprotected synthetic peptide-alpha-thioester with 
another unprotected peptide segment containing an amino-terminal Cys residue to give a thioester- 

20 linked intermediate as the initial covalent product. Without a change in the reaction conditions, this 
intermediate undergoes spontaneous, rapid intramolecular reaction to form a native peptide bond at 
the ligation site. Application of this native chemical ligation method to the total synthesis of a 
protein molecule is illustrated by the preparation of human interleukin 8 (IL-8) (BaggioHni et al. 
(1992) FEBS Lett. 307:97-101; Clark-Lewis et al., LBiolChem., 269:16075 (1994); Clark-Lewis et 

25 al., Biochemistry, 30:3128 (1991); Rajarathnam et al., Biochemistry 33:6623-30 (1994)). 

Alternatively, unprotected peptide segments are chemically linked where the bond formed 
between tiie peptide segments as a result of the chemical ligation is an unnatural (non-peptide) bond 
(Schnolzer, M et al. Science, 256:221 (1992)). This technique has been used to synthesize analogs 
of protein domains as well as large amounts of relatively pure proteins with full biological activity 

30 (delisle Milton et al.. Techniques in Protein Chemistry IV. Academic Press, New York, pp. 257- 
267 (1992)). 

The invention also provides fragments of antibodies which have bioactivity. The 
polypeptide fragments of the present invention can be recombinant proteins obtained by cloning 
nucleic acids encoding flie polypeptide in an expression system capable of producing the 
35 polypeptide fragments thereof, such as an adenovirus or baculovirus expression system. For 

example, one can determine the active domain of an antibody from a specific hybridoma that can 
cause a biological effect associated with the interaction of the antibody with IL-13, CDl, CD Id, 
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Val4, Val4Ja281, Va24, Va24Jal8, lL-13Ra, or IL-13R(x2. For example, amino acids found to 
not contribute to either the activity or the binding specificity or affinity of the antibody can be 
deleted without a loss in the respective activity. For example, in various embodiments, amino or 
caiboxy-terminal amino acids are sequentially removed from either the native or the modified non- 
5 immunoglobulin molecule or the immunoglobulin molecule and the respective activity assayed in 
one of niany available assays. Li another example, a fragment of an antibody comprises a modified 
antibody wherein at least one amino acid has been substituted for the naturally occuning amino acid 
at a specific position, and a portion of either amino terminal or carboxy terminal amino acids, or 
even an internal region of the antibody, has been replaced with a polypeptide fragment or other 

10 moiety, such as biotm. which can facilitate in the purification of the modified antibody. For 

example, a modified antibody can be fused to a maltose binding protein, through either peptide 
chemistry or cloning the respective nucleic acids encoding the two polypeptide Augments into an 
expression vector such that the expression of the coding region results in a hybrid polypeptide. The 
hybrid polypeptide can be affinity purified by passing it over an amylose affinity column, and the 

15 modified antibody receptor can then be separated from the maltose binding region by cleaving the 
hybrid polypeptide with the specific protease factor Xa. (See, for example, New England Biolabs 
Product Catalog, 1996, pg. 164.). Similar purification procedures are available for isolating hybrid 
proteins from eukaryotic cells as well. 

The fragments, whether attached to other sequences or not, include insertions, deletions, 

20 substitutions, or other selected modifications of particular regions or specific amino acids residues, 
provided flie activity of the fragment is not significantly altered or impaired compared to the 
nonmodified antibody or antibody fragment. These modifications can provide for some additional 
property, such as to remove or add amino acids capable of disulfide bonding, to increase its bio- 
longevity, to alter its secretory characteristics, etc. In any case, the fragment must possess a 

25 bioactive property, such as binding activity, regulation of binding at the binding domam, etc. 

Functional or active regions of the antibody may be identified by mutagenesis of a specific region 
of the protein, followed by expression and testing of the expressed polypeptide. Such methods are 
readily apparent to a skilled practitioner in the art and can include site-specific mutagenesis of the 
nucleic acid encoding the antigen. (ZoUer et al. Nucl Acids Res. 10:6487-500 (1982). 

30 A variety of immunoassay formats may be used to select antibodies that selectively bind 

with a particular protein, variant, or fragment. For example, solid-phase BUS A immunoassays are 
routinely used to select antibodies selectively immunoreactive with a protein, protein variant, or 
fragment tiiereof. See Harlow and Lane. (Antibodies, A Laboratory Manual. Cold Spring Harbor 
Publications, New York, (1988)), for a description of immunoassay formats and conditions that 

35 could be used to determine selective binding. The binding affinity of a monoclonal antibody can, 
for example, be determined by the Scatchard analysis of Munson et al., (AnaL Biochem,, 107:220 
(1980). 
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Also provided is an antibody reagent kit comprising containers of the monoclonal antibody 
or fragment thereof of the invention and one or more reagents for detecting binding of the antibody 
or fragment thereof to IL-13, CDl, CDld, Val4, Val4Ja281, Va24, Va24Jal8, E^13Ra, or IL- 
13Roc2 receptor molecule. The reagents can include, for example, fluorescent tags, enzymatic tags, 
5 or other tags. The reagents can also include secondary or tertiary antibodies or reagents for 

enzymatic reactions, wherein the enzymatic reactions produce a product tiiat can be visualized. 

Administration of Antibodies 

The antibodies described herein of the invention are preferably administered to a subject in 

10 a pharmaceutically acceptable carrier. Suitable carriers and their formulations are described in 

Remington: Tlie Science and Practice of Pharmacy ((19th ed.) ed. A.R. Gennaro, Mack Publishmg 
Company, Easton, PA 1995). Typically, an appropriate amount of a pharmaceutically-acceptable 
salt is used in the formulation to render the formulation isotonic. Examples of the 
pharmaceutically-acceptable carrier include, but are not limited to, saline. Ringer's solution and 

15 dextrose solution. The pH of the solution is preferably from about 5 to about 8, and more 

preferably from about 7 to about 7.5, Further carriers include sustained release preparations such as 
semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are 
in the form of shaped articles, e.g., films, liposomes or microparticles. It will be apparent to those 
persons skilled in the art that certain carriers may be more preferable depending upon, for instance, 

20 the route of administration and concentration of antibody being administered. 

The antibodies can be administered to the subject, patient, or cell by injection (e.g., 
intravenous, intraperitoneal, subcutaneous, intramuscular), intrarectally or by other methods such as 
infusion that ensure its delivery to the bloodstream in an effective form. Local or intravenous 
injection is preferred. 

25 Effective dosages and schedules for administering antibodies may be determined 

empkically, and making such determinations is within the skill in the art. Those skilled in the art 
will understand that the dosage of antibodies that must be administered will vary depending on, for 
example, the subject that will receive the antibody, the route of administration, the particular type of 
antibody used and other drugs being administered. Guidance in selecting appropriate doses for 

30 antibodies is found in the literature on therapeutic uses of antibodies, e.g., Handbook of Monoclonal 
Antibodies, Ferrone et al., eds., Noges Publications, Park Ridge, NJ., (1985) ch. 22 and pp. 303- 
357; Smith et al.. Antibodies in Hwnan Diagnosis and Tlierapy, Haber et al., eds.. Raven Press, 
New York (1977) pp. 365-389. A typical daily dosage of the antibody used alone might range from 
about 1 |ig/kg to up to 100 mg/kg of body weight or more per day, depending on the factors 

35 mentioned above. 

Following administration of a substance for treating, inhibiting, or preventing inflammation 
of colitis, the efficacy of the therapeutic substance can be assessed in various ways well known to 
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the skilled practitioner. For instance, one of ordinary skill in the art will understand that a substance 
of the invention is efficacious in treating or inhibiting inflammation of an established colitis in a 
subject by observing that the substance reduces inflammation or prevents a further increase in 
inflammation. Inflammation can be measured by methods that are known in the art, for example, 
S using tissue biopsies to assess tissue damage or antibody assays to detect the presence of 

inflancunatoiy cytokines in a san5)le (e.g., bodily fluids, but not limited to, blood) from a subject or 
patient, or by measuring the cytokine levels in the patient. EfBcacy of the treatment may also be 
determined by measuring the nuniber of NK-T cells in die subject (e.g. in the colon or peripheral 
blood) with inflanmiation from colitis. A treatment that inhibits an initial or further increase in NK- 

10 T cells or IL-13 levels in a subject or patient with inflammation of an established colitis, or that 
results in a decrease in the number of NK-T cells or IL-13 levels in a subject or patient with 
inflammation of an established colitis, is an efScacious treatment. 

The substances of the invention may be administered prophylactically to patients or 
subjects who are at risk for having inflammatory bowel disease or who have been newly diagnosed 

15 with inflammatory bowel disease. In subjects who have been newly diagnosed with inflammatory 
bowel disease but who have not yet displayed an established colitis or the inflammatory response of 
an established colitis (as measured by biopsy or other assays for detecting the inflammation due to 
colitis) in blood or other body fluid, efficacious treatment with an substance of the invention 
partially or completely inhibits the appearance of colitis symptoms and/or coUtis. 

20 

Nucleic acid approaches for delivery 

The substances of the present invention, including antibodies and antibody fragments of the 
invention can also be administered in vivo and/or ex vivo to patients or subjects as a nucleic acid 
preparation (e.g., DNA or RNA) that encodes a substance, such as an antibody or antibody 

25 fragment, such that the patient's or subject's own cells take up the nucleic acid and produce and 
secrete the encoded substances, such as an antibody or antibody fragment. 

In the methods described above which include the administration and uptake of exogenous 
DNA into the cells of a subject (i.e., gene transduction or transfection), the nucleic acids of the 
present invention can be in the form of naked DNA or RNA, or the nucleic acids can be in a vector 

30 for delivering the nucleic acids to the cells, whereby the antibody-encoding DNA fragment is under 
the transcriptional regulation of a promoter, as would be well understood by one of ordinary skill in 
the art. The vector can be a conmiercially available preparation, such as an adenovirus vector 
(Quantum Biotechnologies, Inc. (Laval, Quebec, Canada). Delivery of the nucleic acid or vector to 
cells can be via a variety of mechanisms. As one example, deHvery can be via a liposome, using 

35 commercially available liposome preparations such as LIPOEECTIN, UPOFECTAMINE (GIBCO- 
BRL, Inc., Gaithersburg, MD). SUPERFE(Jr (Qiagen, Inc. Hilden, Germany) and 
TRANSFECTAM (Promega Biotec, Inc., Madison, WI), as well as other liposomes developed 
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according to procedures standard in the art In addition, the nucleic acid or vector of this invention 
can be delivered in vivo by electroporation, the technology for which is available from Genetronics, 
Inc. (San Diego, CA) as well as by means of a SONOPORATION machine (ImaRx Pharmaceutical 
Corp., Tucson, AZ). 

5 As one exaiiq)le, vector delivery can be via a viral system, such as a retroviral vector 

system which can package a recombinant retroviral genome (see e.g., Pastan et al.. Proa Natl 
' Acad. Set U.SA. 85:4486, 1988; Miller et al., MoL Cell. Biol 6:2895, 1986). The recombinant 

retrovims can then be used to infect and thereby deliver to the infected cells nucleic acid encoding a 
broadly neutralizing antibody (or active fragment thereof) of the invention. The exact method of 

10 introducing the altered nucleic acid into mammalian cells is, of course, not limited to the use of 
retroviral vectors. Other techniques are widely available for this procedure including the use of 
adenoviral vectors (Mitani et al.. Hum. Gene Titer. 5:941-948, 1994), adeno-associated viral (AAV) 
vectors (Goodman et al.. Blood 84:1492-1500, 1994), lentiviral vectors (Naidini et al.. Science 
272:263-267, 1996), and pseudotyped retroviral vectors (Agrawal et al., Exper. Hematol. 24:738- 

15 747, 1996). Physical transduction techniques can also be used, such as liposome delivery and 

receptor-mediated and other endocytosis mechanisms (see, for example, Schwartzenberger et al.. 
Blood 87:472-478, 1996) to name a few examples. This invention can be used in conjunction with 
any of these or other commonly used gene transfer methods. 

As one example, if the antibody-encoding nucleic acid of the invention is delivered to the 

20 cells of a subject in an adenovirus vector, the dosage for administration of adenovirus to humans 
can range from about lO'' to 10^ plaque forming units (pfu) per injection but can be as high as 10^^ 
pfii per injection (Crystal, Hum, Gene Titer. 8:985-1001, 1997; Alvarez and Curiel, Hum. Gene 
Ther. 8:597-613, 1997). A subject can receive a single injection, or, if additional injections are 
necessary, they can be repeated at six month intervals (or other appropriate time intervals, as 

25 detennined by the skilled practitioner) for an indefinite period and/or until the efficacy of the 
treatment has been established. 

Parenteral administration of the nucleic acid or vector of the present invention, if used, is 
generally characterized by injection. lajectables can be prepared in conventional forms, either as 
liquid solutions or suspensions, solid forms suitable for solution of suspension in liquid prior to 

30 injection, or as emulsions. A more recently revised approach for parenteral administration involves 
use of a slow release or sustained release system such that a constant dosage is maintained. See, 
e.g., U.S. Patent No. 3,610,795, which is incorporated by reference herein. For additional 
discussion of suitable formulations and various routes of administration of therapeutic compounds, 
see, e.g.. Remington: The Science and Practice ofPliarmacy (19th ed.) ed. A.R. Gennaro, Mack 

35 Publishing Company, Easton, PA 1995. 
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Pfaarmaceutically Acceptable Carriers 

The substances of the present invention, including antibodies, can be used therapeutically 
in combination with a phannaceutically acceptable carrier. By "phannaceutically acceptable" is 
meant a material ttiat is not biologicaUy or otherwise undesirable, i.e., the material may be 
5 administered to a subject, along with the substance, without causing any undesirable biological 
effects or interacting m a deletraious manner with any of flie o&er con^onents of the 
f*armac6Utical composition in which it is contained. The carrier would naturally be selected to 
mmimize any degradation of the active ingredient and to minimize any adverse side effects in the 
subject, as would be well known to one of skill in the art 

10 Pharmaceutical carriers are known to those skilled in the art These most typically would 

be standard carriers for administration of drugs to humans, includmg solutions such as sterile water, 
saline, and buffered solutions at physiological pH. The compositions can be administered 
intramuscularly or subcutaneously. Other conqwunds wiU be administered according to standard 
procedures used by those skilled in the art 

15 Pharmaceutical compositions may include carriers, thickeners, diluents, buffers, preservatives, 

surface active agents and the like in addition to the molecule of choice. Pharmaceutical con^ositions 
may also include one or more active ingredients such as antimicrobial agents, antiinflammatory agents, 
anesthetics, and the like. 

The pharmaceutical conq)osition may be administered in a number of ways depending on 
whether local or systemic treatment is desired, and on the area to be treated. Administration may be 
tc^cally (including rectally, intranasally), orally, by inhalation, or parenteraUy, for example by 
intravenous drip, subcutaneous, intr^)eritoneal or intramuscular injection. The disclosed substances 
can be admmistered mtravenously, intraperitoneally, intramuscularly, subcutaneously, intracavity, 
or transdermally. 

25 Preparations for parenteral administration mclude sterile aqueous or non-aqueous solutions, 

suspensions, and ranulsions. Exanqiles of non-aqueous solvents are propylene glycol, polyethylene 
glycol, vegetable oils such as oUve oil, and injectable organic estras such as ethyl oleate. Aqueous 
carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, including saline and 
buffered media. Parenteral vehicles include sodium chloride solution. Ringer's dextrose, dextrose 

30 and sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient 
replenishers, electrolyte replenishers (such as those based on Ringer's dextrose), and the Kke. 
Preservatives and other additives may also be present such as, for example, antimicrobials, anti- 
oxidants, chelating agents, and inert gases and the like. 

Formulations for topical administration may include ointments, lotions, creams, gels, drops, 

35 suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers, aqueous, powder or 
oily bases, thickeners and the like may be necessary or desirable. 
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Conq)ositioiis for oral administration include powders or granules, suspensions or solutions in 
water or non-aqueous media, capsules, sachets, or tablets. Thickeners, flavorings, diluents, emulsifiers, 
dispersing aids or bind^ may be desirable. 

Some of the conq)ositions may potentially be administered as a pharmaceutically 
5 acceptable acid- or base- addition salt, formed by reaction with inorganic acids sudi as hydrochloric 
acid, hydrobromic acid, perchloric acid, nitric add, thiocyanic acid, sulfuric acid, and phosphoric 
acid, and organic acids such as formic acid, acetic acid, propionic acid, glycolic add, lactic acid, 
pyruvic acid, oxalic acid, malonic add, succinic add, maleic acid, and fumaric acid, or by reaction 
with an inorganic base such as sodium hydroxide, ammonium hydroxide, potassium hydroxide, and 
10 organic bases such as mono-, di-, trialkyl and aryl amines and substituted edianolamines. 

Screening Methods 

Also provided by the present invention is a method of screening a substance for 

effectiveness in redudng the inflammatory response of colitis by modulating IL-13 activity 
15 comprising: a) obtaining an animal having colitis; b) administering the substance to an animal; and 

assaying the animal for an effect on IL-13 activity which results in the reduction of the 

inflammatory response of the colitis, thereby identifying a substance effective in reducing the 

inflammatory response of colitis by modulating IL-IB activity. 

The ability of a substance to reduce the colitis inducing effect of IL-13 can be determined 
20 by evaluating the histological and clinical manifestations, as set forth above, of the animal with 

colitis before and after administration of the substance of interest and quantitating the amount of 

reduction of the inflammation. 

The animal in which die colitis is produced can be any mammal and can include but is not 

Umited to mouse, rat, guinea pig, hamster, rabbit, cat, dog, goat, monkey, and chimpanzee. The 
25 colitis can be produced in the animal by any method known in the art. For exanople, the colitis can 

be produced by introducing into the colon of the animal an effective amount of a hapten reagent. 

The hapten reagent can be, but is not limited to, oxazolone (4-ethoxymethylene-2-phenyl-2- 

oxazolin-5-one). 

The present invention also provides a method of screening a substance for effectiveness in 
30 reducing the inflammatory response of coUtis by modulating NK-T cell activity comprising: a) 

obtaining an animal having colitis; b) administering the substance to an animal; and c) assaying the 
animal for an effect on NK-T cell activity which results in the reduction of the inflaiomatory 
response of the colitis, thereby identifying a substance effective in reducing the inflammatory 
response of colitis by modulating NK-T cell activity. 
35 The ability of a substance to reduce the colitis inducing effect of NK-T cells can be 

determined by evaluating the histological and clinical manifestations, as set forth above, of the 
animal with colitis before and after administration of the substance of interest and quantitating the 
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amount of reduction of the inflammation. One of skill in the art can also quantitate the number of 
NK-T cells by methods standard in the art and those described herein in order to determine if the 
substance reduces the number of NK-T cells, as determined in lamina propia cells or PBM. 

The animal in which the colitis is produced can be any Tnamn^ ^i and can iaclude but is not 
5 limited to mouse, rat, guinea pig, hamster, rabbit, cat, dog, goat, monkey, and chimpanzee. The 
colitis can be produced in the animal by any method known in the art For example, the coUtis can 
be produced by introducing into the colon of the animal an effective amount of a hapten reagent 
The hapten reagent can be, but is not limited to, oxazolone (4-ethoxymethylene-2-phenyl-2- 
oxazolin-S-one). 

10 The present invention also provides a method of screening for a substance effective in 

preventing the inflammatory response of colitis by modulating IL-13 activity con^rising: a) 
administering the substance to an animal susceptible to colitis :b) subjecting the animal to treatment 
that will induce an inflammatory response; and c) assaying inflanMnatory tissue cells from the 
a nima l for an amount of secretion of IL-13, whereby a decrease or lack of increase in the amount of 

15 IL-13 in the inflammatory tissue cells of the animal as compared to an increase in the amount of IL- 
13 in a control animal having colitis in the absence of the substance identifies a substance that is 
effective in preventing the inflammatory response of cohtis by modulating IL-13 activity. 

The methods of measuring the amount of IL-13 in inflammatory tissue include, but are not 
Umited to, ELISA, PGR, FACS analysis, reverse-transcriptase-polymerase chain reaction and 

20 EOSPOT, Nortfiem blots. Southern blots, and Western blots. 

Also provided by the present invention is a method of screening for a substance effective in 
preventing the inflammatory response of coUtis by modulating NK-T cell activity comprising: a) 
administering the substance to an animal susceptible to colitis; b) subjecting the animal to treatment 
that will induce an inflanmiatory response; and c) assaying tiie animal for an effect on NK-T cell 

25 activity, whereby a decrease or lack of mcrease in NK-T cell activity in the inflammatory tissue 
cells of the animal as compared to an increase in NK-T cell activity in a control animal having 
colitis in the absence of the substance identifies a substance that is effective in preventing the 
inflammatory response of colitis by modulating NK-T cell activity. 

. One of skill in the art can utilize methods standard in the art as well as those described in 

30 the Examples to quantitate NK-T cells in inflammatory tissues. 

Therapeutic Uses 

The substances of the present invention can be delivered at effective amounts or 
concentrations. An effective concentration or amount of a substance is one that results in treatment 
35 or prevention of the inflammatory response of colitis. One skilled in the art would know how to 
determine an effective concentration or amount according to methods known in the art, as well as 
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provided herein. One of skill in the art can utilize bi vitro assays to optimize the in vivo dosage of a 
particular substance, including concentration and time course of administration. 
The dosage ranges for the administration of the substances are those large enough to produce the 
desired effect m which the symptoms of the disorder are affected. The dosage should not be so 
5 large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic reactions, and 
the like. Generally, the dosage will vary with the age, condition, sex and extent of the disease in the 
patient and can be detemmed by one of skill in the art The dosage can be adjusted by the 
individual physician in the event of any counterindications. Dosage can vary, and can be 
administered in one or more dose administrations daily, for one or several days. 

10 For example, to evaluate the efficacy of treatment of humans with a disorder characterized 

by colitis, such as for example, ulcerative colitis, with a substance that modulates IL-13 activity, the 
following studies can be performed. Patients with active inflammation of the colon and/or the 
terminal ileum who have faUed standard medical therapy, which can include prednisone and/or 
other immunomodulators known in the art (parenterally or orally) for control of the disorder can be 

15 selected. Drug efficacy can be monitored via colonoscopy. Patients can be randomized to two 
different protocols. In one protocol, subjects can remain on initial medication and in the second 
protocol, subjects can have their medication tapered after receiving the substance that modulates IL- 
13 activity. 

In one embodiment, treatment can consist of either a single dosage of 1 mg to 20 mg/kg of 

20 body weight of a substance that modulates IL-13 activity and/or NK-T ceU activity. In one 

example, an antibody to IL-13 is infused over a two hour period or a weekly dosage of 1 mg to 20 
mg/kg of body weight of antibodies to IL-13 infused each time over a two hour period until 
symptoms of colitis subside. The blood pressure, pulse and ten^eratuie of the subjects can be 
monitored prior to and at 30 mmute mtervals during the two hour infusion period. Subjects can be 

25 given a laboratory evaluation consisting of a complete blood count (CBC) with differential, platelet 
count, SMA-18 chemistry profQe, erydurocyte sedhnentation rate (ESR) and a C-reactive protein 
assay at 1) the time of anti-IL-13 infusion; 2) 24 hours after infusion; 3) 72 hours after infusion; 4) 
two weeks after the last infusion; 5) four weeks after the last infusion; (6) six weeks after the last 
infiision; and 7) eight weeks after the last infusion. Similarly, an antibody that modulates NK-T cell 

30 activity can be administered according to the same protocol. 

Subjects can also undergo routine colonoscopy with video surveillance at the time of the 
infusion of a substance that modulates IL-13 activity and/or NK-T cell activity and again at two, 
four, six and eight weeks after die last mfiision. Additionally, serum sanq)les from the subjects can 
be assayed by ELISA for IL-13 activity and/or NK-T ceU activity levels to monitor drug efficacy. 

35 Also, tissue biopsy samples obtained during colonoscopy can be cultured for purified, isolated 

lamina propia cells and assayed as well. Purified PBM can also be isolated, cultured and assayed. 
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Compositions identified by screening with disclosed compositions / combinatorial chemistry/ 
Computer assisted drug design 

The disclosed compositions, such as IL-13, GDI, CDld, Val4, Val4J(x281, Va24, 
Va24Jal8, IL-13Rxx, or IL-13Ra2 or fragments thereof, can be used as targets for any molecular 
modeling technique to identify either the structure of the disclosed compositions or to identify 
potential or actual molecules, such as small molecules, which interact in a desired way with the 
disclosed compositions. 

It is understood that when using the disclosed con5)ositions in modeling techniques, 
molecules, such as macromolecular molecules, will be identified that have particular desired 
properties such as inhibition or stimulation of the target molecule's function. The molecules 
identified and isolated when using the disclosed con^positions, such as E.-13, CDl, CDld, Val4, 
Val4Ja281, Va24, Va24Jal8, IL-13Ra, or E.-13Ra2, are also disclosed. Thus, the producis 
produced using the molecular modeling approaches that involve the disclosed compositions, such 
as, IL-13, CDl, CDld, Val4, Val4Joc281, Va24, Va24Jal8, BL-lSRa, or IL-13Ra2, are also 
considered herein disclosed. 

Thus, one way to isolate molecules that bind a molecule of choice is durough rational 
design. This is achieved through structural information and computer modeling. Computer 
modeling technology allows visualization of the three-dimensional atomic structure of a selected 
molecule and the rational design of new compounds that will interact with the molecule. The three- 
dimensional construct typically depends on data from x-ray crystallographic analyses or NMR 
imaging ofthe selected molecule. The molecular dynamics require force field data. The computer 
graphics systems enable prediction of how a new compound will liNK-To the target molecule and 
allow experimental manipulation of the stmctures ofthe compound and target molecule to perfect 
binding specificity. Prediction of what the molecule-compound interaction will be when small 
changes are made in one or both requires molecular mechanics software and computationally 
intensive computers, usually coupled with user-fiiendly, menu-driven interfaces between the 
molecular design program and the user. 

Examples of molecular modeling systems are the CHARMm and QUANTA programs. 
Polygon Corporation, Waltham, MA. CHARMm perfonns the energy minimization and molecular 
dynamics fimctions. QUANTA performs the constmction, graphic modeling and analysis of 
molecular structure. QUANTA aUows interactive constmction, modification, visualization, and 
analysis ofthe behavior of molecules with each other. 

A number of articles review computer modeUng of drugs interactive with specific proteins, 
such as Rotivinen, et al., 1988 Acta Pharmaceutica Fennica 97, 159-166; Ripka, New Scientist 54- 
57 (June 16, 1988); McKinaly and Rossmann, 1989 Annu. Rev. PhannacolToxiciol 29, 1 1 1-122; 
Perry and Davies, QSAR: Quan titative Structure-Activitv Relationships in Drug Design pp. 189- 
193 (Alan R. Liss, Inc. 1989); Lewis and Dean, 1989 Proc. R. Soc. Lond. 236, 125-140 and 141- 
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162; and, with respect to a model enzyme for nucleic acid con^onents. Askew, et al., 1989 7. Am, 
Chem. Soc. Ill, 1082-1090. Other computer programs that screen and graphically depict chemicals 
are available from companies such as BioDesign, Lie, Pasadena, CA., Allelix, Inc, Mississauga, 
Ontario, Canada, and Hypercube, Inc., Carobridge, Ontario. Although these are primarily designed 
5 for application to drugs specific to particular proteins, they can be adapted to design of molecules 
specifically interacting with specific regions of DNA or RNA, once that region is identified. 

Although described above with reference to design and generation of compounds which 
could alter binding, one could also screen libraries of known conopounds, including natural products 
or synthetic chemicals, and biologically active materials, including protems, for compounds which 
10 alter binding specificity for IL-13 or any other composition described herein. 

Compositions with similar functions 

It is understood that the compositions disclosed herein have certain functions, such as 
binding IL-13, GDI, CD Id, Val4, Val4Ja281, Va24, Va24Jal8, IL-13Ra, orIL-13Ra2. 

15 Disclosed herein are certain structural requirements for performing the disclosed functions, and it is 
understood that there are a variety of structures which can perform the same function which are 
related to the disclosed structures, and that these structures will ultimately achieve the same result, 
for example inhibition of NK-T cells or IL-13 production, secretion, or action. 

The following examples are put forth so as to provide those of ordinary skill in the art with 

20 a complete disclosure and description of how the compounds, compositions, articles, devices and/or 
methods claimed herein are made and evaluated, and are intended to be purely exemplary of the 
invention and are not intended to limit the scope of what the inventors regard as their invention. 
Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts, temperature, 
etc.), but some errors and deviations should be accounted for. Unless indicated otherwise, parts are 

25 parts by weight, temperature is in **C or is at ambient temperature, and pressure is at or near 
atmospheric. 



EXAMPLES 



In the present invention, a mouse model of oxazolone colitis was utilized to study Th2 
cytokine production. In the Th2 model of oxazolone colitis, coUtis is induced by the intra-rectal 
administration of the haptenatmg agent oxazolone in an ethanol vehicle. In tiiis colitis, initial toxic 
effects of die inducing agent lead to a flooding of the lamina propria with bacterial antigens and 
thus the induction of an immune response that leads to further inflammation. The latter is driven by 
the production of Th2 cytokines since the inflammation is characterized by increased IL-4 and IL-5 
secretion and the inflammation can be ameliorated by the administration of anti-IL-4 (Boirivant et 
al., 1998). 
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The present invention provides the surprising result that oxazolone colitis is mediated by 
NK-T cells capable of producing large amounts of Th2 cytokines when stimulated by either anti- 
CD3 or oGalCer. MtiaUy, this consists of IL-4 secretion, which is rapidly superceded by lL-13 
secretion. This IH3 response originates from NK-T cells responding to CDl-mediated antigen 
5 presentation and appears to be a key component of the inflammation, as neutralization of IL-13 
prevents development of oxazolone colitis. Given the resemblance of oxazolone colitis in mice to 
ulcerative colitis m humans, diese data indicate that similar treatment of human inflammatory 
disease would be effective. 

10 Mice and in vivo Treatment Protocols 

Male C57B1/10 mice were obtained from a breeding facility maintained by the National 
Cancer Institute (NCI, Bethesda, MD) and were housed under specific pathogen free (SPF) 
conditions. 5 to 7 week old mice were used for aU experiments. B6xl29Sv-CDl KO mice were 
received fromExley/Balk (Cui et al., 1997; Smiley et al., 1997), C57Bl/6-Ja281 KO mice were a 

15 generous gift from Dr. Taniguchi (Cui et al., 1997) and bred at the animal faciUty at Brigham and 
Women's Hospital, Harvard Medical School, Boston, MA. Oxazolone (4-Ethoxymethylene-2- 
Phenyl-2-Oxazoline-5-One) was obtained from Sigma-Aldrich (St. Louis, MO). In order to 
presensitize mice a 2x2 cm field of the abdominal skin was shaved and 200 |xl of a 3% (w/v) 
solution in 100% ethanol applied. 5 days after presensitization mice were rechallenged intra- 

20 rectaUy with 150 ^il 1% Oxalone in 50% ethanol or only 50% ethanol (i.e. vehicle) under general 
anesthesia with isoflurane (Baxter, Deerfield, IL). Intra-rectal injection was administered with a 
polyurethane umbilical catiieter (Sherwood, St. Louis, MO). Neutralization of IL-13 in vivo was 
performed witii IL-13Ra2-Fc. Mice received 5 x 200 iig of control protein or IL-13Ra2-FcN 
starting on the day before presensitization i.v. and then every other day i.p. Depletion of NKL1+ 

25 cells was achieved by injecting 250 [xg anti-mouse NKl.l monoclonal antibodies (clone PK136) i.v. 
48 h before and after sensitization. Control mice received mouse IgG2a. FACS analysis of 
spleenocytes from treated animals showed tiiat NK as well as NK-T cells were completely depleted. 
Antigen presentation by CDl molecules was blocked in vivo with anti-mouse CD 1.1 (clone 20H2, 
gift from A. Bendelac) Mice were injected with 1 mg antibody every 2 days. 

30 

BHstolofifv 

Mice were euthanized 5 days after induction of colitis. The colons were removed and 
segments fixed in formalin (Fisher, Fair Lawn, NJ). After paraffin embedding 5 jjun sections were 
cut and stained with Hematoxyhn/Eosin (Lemer, New Haven, CT). 

35 
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Cell Isolation and C yt^^<^tift Production 

Spleenocytes (SPC), mesenteric lymph node cells (MLNC) or lamina propria cells were 
isolated on day 2 or day 7 after colitis induction. Cells were isolated as described in detail in 
Current Protocols of Immunology (Scheiffele, 2002). In brief, LPMC were isolated after removal 
5 of epithelial cells by incubation of colon strips in HBSS/2.5 mMEDTA. Mononuclear cells were 
released by digesting the tissue in BCOVES media supplemented with 10% FCS, 200 U/ml 
collagenase (Roche, IhdianapoUs, IN), 10 jig/ml DNAse 1 (Roche) and 1 jig/ml Gentamicin 
(BioWhittaker, Walkersville, MD). Finally, leukocytes were separated from epithelial cells by 
centrifiigation in a PERCOLL gradient (Amersham, Piscataway, NJ) of 33% and 66%. MLN cells 

10 and spleenocytes were isolated by grinding the tissue in a petri dish and filtering the cell suspension 
tibrough a 40 |xm mesh. Spleen cells were treated with ACK lysis buffer to lyse red blood cells 
(Biosource, Camarillo, CA). Initially CDS cells were isolated witii mouse T-cell selection columns 
(R&D, Minneapolis, MN) according to the manufacturer's instructions. Purified CD4 cells were 
positively selected with CD4-beads and MACS mini columns (MQtenyi, Auburn, CA) according to 

15 the manufacturer's instructions. Cells were cultured in RPM1640 supplemented with 10% FCS, 
20mMKIEPES, 5%NCTC. 2mM Glutamine, 50 jig/ml PeniciUin/Streptomycin, 50 jig/ml 
Gentamicin. 50 ixM 2-mercaptoethanoi, and 50U riiu IL-2. T cells were stimulated in vitro with 
plate bound anti-CD3 (10 iig/wl 2C11, Pharmingen, San Diego, CA) and soluble anti-CD28 (1 
|ig/ml clone 37.51, Pharmingen). To stimulate lymphocytes with aGalCer a fibroblast cell line (L- 

20 929) transfected with mouse CDl as antigen presenting cells was used. CDl transfected ("LCDl") 
or untransfected ("LC") were a kind gift by Dr W. Paul (Chen and Paul, 1997). L-ceUs were treated 
for 1.5 h witii Mitomycin C and seeded at IxlO^cells/ml. aGalactosyl-Ceramide (aGalCer;Kirin, 
Tokyo, Japan) or vehicle was added at lOOng/ml. Lymphocyte concentration was generally 1x10^ 
cells/ml. After 48 h culture, supematants were harvested and stored at -20°C until further analysis. 

25 IL-4 and IL-5 were measured with OptEIA ELISA sets from Pharmingen. IL-13 was measured with 
a Quantikine M ELISA kit from R&D (Minneapolis, MN). 

FACS analysis 

Cells were stained with antibodies to CD3 (2C11), CD4 (RM4-5), NKl.l (PK136), Ly49C 
30 (5E6), Ly6C (AL-21), and DX5 after incubation with FcBlock (2.4G2) (all BD Phamiingen). 
Surface staining was analyzed on a FACScanner (Becton-Dicldnson, Mansfield, MA). Relative 
numbers were calculated with CellQuest software after gating on living lymphocytes in the scatter 
diagranL 
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Epicutaneo us presensitization and intrarectal rechallenge with oxazolone leads to chronic 
progressive oxazolone colitis associated with Tli2 cytokine production 

■ To obtain a more long-lived, chronic inflammatory response on the oxazolone colitis 
mouse model, mice were presensitized with 3% oxazolone by skin painting 5 days before rectal 
5 challenge and then injected intrarectaUy 1% oxazalone to induce colitis. As shown in Fig lA, only 
presensitized mice developed colitis and progressive weight loss, whereas naive animals did not 
develop any inflammation. In addition, as shown in Fig IB, the colitis induced in this case led to a 
chronic progressive wasting and weight loss so that after 7-10 days most animals had lost 40% of 
their initial body weight and were moribund. Histological examination of flie colon at days 7-10 

10 showed a massive bowel wall edema and infiltration by leukocytes. The superficial layers of the 
mucosa show dense infiltrations with small polynuclear granulocytes and large ulcerations 
interrupting the layer of enterocytes are present. As shown in Fig ID+E, this histopathological 
picture is similar to that seen in human ulcerative colitis suggesting that a similar pathological 
mechanism contributes to tissue damage in both inflammations. Finally, as shown in Fig 2A, 

15 mononuclear cells isolated from the lamina propria (LPMC), mesenteric lymph nodes (MLNC), or 
spleen (SPC), and then stimulated with anti-CD3/anti-CD28 in vitro produced large amounts of Th2 
cytokines (IL-4, IL-5, IL-13) but only low levels of rPN-y. On the contrary LPMC isolated from 
mice with TNBS colitis produce undetectable levels of IL-4 and IL-5, and only low levels, of IL-13, 
but very high amounts of TNFa. 

20 

IL-13 production in oxazolone colitis increases during the course of inflammation and is 
essential for the induction of the colitis 

IL-4 production by LPMC isolated at different time points during the course of oxazolone 
colitis gradually decreased. In contrast, IL-13 production by LPMC (as well as MLMC or spleen 

25 MC) during the same timeframe increased (Fig 2B). This phenomenon has been observed in other 
animal models mediated by Th2 cells (Minty et al., 1997; Urban et al., 1998). To estabUsh a 
pathogenic role for IL-13 in oxazolone colitis, IL-13 was neutralized by in vivo administration of 
IL-13Ra2 fused to the Fc portion of human IgGl (IL-13Ra2-Fc) at flie time of intra-rectal 
oxazolone administration. The a2 chain of die IL-13 receptor has a 100 fold higher affinity to IL-13 

30 than the al chain, but only the latter transmits an intracellular signal after engagement. The IL- 
13Ra2-Fc fusion protein binds IL-13 and has been shown to neutralize IL-13 boactivity in vivo 
(Donaldson et al., 1998). As shown in Fig 3, mice treated with IL-13Ra2-Fc were protected from 
induction of oxazolone colitis: after an initial transient weight loss similar to that seen with ethanol 
alone, they regained their initial body weight by day 3 and on day 5 colonic histology was 

35 indistinguishable from that of mice that were given ethanol alone. 
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NKl«l-Dositive cells are essential for the induction of oxazolone colitis 

As alluded to above, mononuclear cells isolated &om mice with oxazolone colitis produce 
increased amounts of IL-13 in vitro when stimulated with anti-CD3 and anti-CD28. However, 
when these mononuclear cells were purified by a negative selection column to enrich for CDS- 
5 positive cells , this stimulation led to gready decreased IL-13 production (not shown). Since the 
selection column contains glass beads coated with anti-mouse IgG, it retains cells that express Fc- 
receptors (CD16 or CD32) and are coated with immunoglobulins; thus it was possible that IL-13 
production by anti-CD3-stimulated LPMC in oxazolone colitis requires a Fc-receptor-positive cell. 
In addition to mast cells and B-lymphocytes, NK and NK-T cells express CD16 (Koyasu, 1994) and 

10 are capable of producing IL-13 (Terabe et al., 2000), To investigate if either of the latter two (and 
more likely) cell types are involved mice were depleted of NKl.l cells by repeated injection of 
monoclonal anti-NKl.l antibody (PK136) before challenge with oxazolone. Such treatment 
depleted all NK and NK-T cells, as determined by DX5 and NKl.l staining of splenocytes. As 
shown in Fig 4A+B, it was found that depleted mice did not develop weight loss or 

15 macroscopic/microscopic evidence of colonic inflammation and did not manifest increased Th2 
cytokine production after intra-rectal challenge with oxazolone. 

In further studies to determine if this pathogenic role for NKl.l positive cells is specific for 
oxazolone colitis, NKl.l-depleted C57B1/10 mice were compared with untreated C57B1/10 mice in 
their susceptibility to TNBS-colitis, a Thl model of colitis resembling human Crohn's disease. As 

20 shown in Fig 4C+D, depletion of NKl.l+cells does not significantly influence weight loss or 
mortality of mice with TNBS colitis, and notably, there was a trend to higher weight loss in 
depleted mice. These results suggest that cells bearing NKl. 1 in the mucosa play, if anything, an 
inhibitory role for the induction of a Thl inflammation in TNBS-colitis, an effect previously noted 
in oflier models of Thl-mediated intestinal inflarmnations (Saubermann et al., 2000). 

25 

CDl antigen presentation is required for the inducfion of oxazolone colitis 

Whereas the above studies show that oxazolone colitis is mediated by NKl.l-positive cells 
they do not provide information on whether the latter cells are NK cells or NK-T ceUs, as NKl.l is 
present on both of these cell types. To address this issue, whether oxazolone colitis was affected by 

30 blockade of antigen presentation by CDl molecules which affects activation of NK-T cells but not 
the activation of NK cells was examined. This was accomplished by administration of a 
monoclonal anti-CD 1 antibody fliat has been shown to block CDl in vivo without depleting NK-T 
cells and without affecting antigen-presentation by MHC class n (Park et al., 1998). As shown in 
Figure 5, administration of this antibody at the time of intra-rectal oxazolone administration 

35 prevented development of oxazolone colitis. 

As shown in Figure 5B, these results were confirmed with studies of CDl-KO mice, in 
which it was shown that intra-rectal administration of oxazolone to pre-sensitized mice do not 
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develop colitis nor a colonic Th2 response. Despite the absence of NK-T cells the CDl-KO mice 
have been shown to be fully capable of mounting Th2 responses (Smiley et al., 1997). Thus, this 
result cannot be attributed to an intrinsic failure of the GDI KO to mount a Th2 response. 

Finally it was found that Joi281 KO mice are resistant to the induction of oxazalone colitis 
5 (Figure 5B). While most GDI restricted MKT cells utilize the canonical Val4Ja281TCR, some 
results suggested the existence of MKT cells with other TCRs. These "atypical" NKT cells are 
present in the Ja281-KO mouse, but proved to be insufficient to induce an inflanomatory response. 
Taken together, data fix>m the antibody-treated and KO mice show that oxazolone colitis is 
dependent on the induction of T cells by CDl-iestdcted antigens and that the T cells are 
10 lSfKl.l+Ja281+CD16+CD4+ cells. 

NK-T cells undergo expansion during oxazolone colitis 

Li further studies whether or not NK-T cells infiltrate the lamina propria of mice with 
oxeizalone colitis was determined. However, this goal is made difficult by the fact that whereas 

15 NKl.l is a frequent marker of NK-T cells, T cells with NK-T cell function have also been identified 
in the NKl.l-negative population. In addition, most NK-T cell markers are dependent on the levels 
of cell activation. Thus, NK-T cells lose their expression of NKl.l upon activation (Chen and Paul, 
1997) and another NK/NK-T cell marker, Ly49C, is upregulated in activated NK-T cells. Beside 
activation, NKT cells from different tissues co-express different surrogate markers of NK cell 

20 function together with the TCR. Witii these limitations in mind, it was found that during the course 
of oxazolone colitis total lymphocyte numbers expand significantly in the lamina propria (- 10- 
fold), liver (-6 fold), mesenteric lymph nodes (-50 fold) and spleen (~2 fold). Moreover, in the 
lamina propria and in the liver the relative number of NK-T cells expands in relation to other cell 
populations. Thus, in the lamina propria from untreated mice 7% (NKl.l) or 0.4% (Ly49C) of the 

25 T cells co-express an NKT cell marker. After induction of oxazolone colitis 21% of the infiltrating 
T-cells are NKl.l positive and 34% are Ly49C positive. In the liver, where the highest percentage 
of NKT cells can be found, NKl.l expression on CDS positive cells increases fix)m 9.9% to 48% of 
cells, while Ly49C expression is low. For unknown reasons, NKT cells are absent from mesenteric 
lymph nodes even after colitis induction: at this site, less than 1% of the cells can be identified as 

30 NKT c^Us. Rnally, in the spleen of untreated mice 3.1% of CD3-positive cells are NK1.1+, and 
after induction of oxazolone colitis 5.1% become NKl. 1 positive, while the nunaber of Ly49C+ 
cells increases from 0.6% to 28%. To summarize these findings, T cells with surrogate noarkers of 
NKT cell function expand in the lamina propria, the liver and the spleen. 

35 CD4+ NK-T cells produce IL-13 in response to CDl antigen presentation 

Finally, to investigate the cytokine production of the LPMC and SPC in response to antigen 
presented by CDl, these cells were stimulated with aGalCer, a synthetic glycolipid that has been 

29 



wo 2004/001655 



PCT/US2002/018790 



found to activate most NK-T cell lines in a CDl-dependent fashion (Kawano et al., 1997). MHC- 
class n restricted T cells and NK cells are not affected by aGalCer; flius stimulation with aGalCer 
represents a way to assess NKT cell activation in unseparated ceD mixtures. As shown in Figure 6, 
when LPMC or SPC from mice with oxazolone colitis were stimulated with aGalCer ttiey produced 
5 large amounts of Th2 cytokines, including very high amounts of IL-13. In addition, CD4-positive 
cells isolated by MACS from LPMC or SPC also responded to aGalCer with very high IL-13 
production, indicating that many of the CD4+ cells in cell populations from mice witti oxazolone 
coUtis are CDl-restricted NK-T cells. 

10 Comparative Studies: Crohn's Disease and Ulcerative colitis 

In studies comparing Crohn's disease patients with ulcerative coHtis patients, increased IL- 
13 production from lamina propia cells of ulcerative colitis patients was observed as compared to 
Crohn's disease patients. FACS data comparing the two groups also showing an increased niunber 
of NK-T cells in the peripheral blood and lamina propria from ulcerative colitis patients as 

15 con^ared to Crohn's disease patients.. 

Throughout this application, various publications are referenced. The disclosures of these 
publications in their entireties, as well as the references cited in these publications, are hereby 
incorporated by reference into this application in order to more fuUy describe the state of the art to 
which this invention pertains. 
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